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(54) READING/WRITING HEAD BY SURFACE PLASMON AMPLITUDE FOR OPTICAL DATA STORAGE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reading/writing head using a 
near-field optical system which is provided with the dimension of a short pit 
length, obtains the speed of reading/writing of high data density and high 
speed, does not receive severe attenuation, and is capable of performing 
both writing and reading of data on and from an optical storage medium 
such as a phase transition medium. 

SOLUTION: A plasrhon amplitude device 20 is provided in the end surface 
12 of a waveguide 10. The plasmon amplitude device 20 is composed of a 
metallic film 22 having the aperture 30 of the diameter not longer than a 
wavelength which is provided by being penetrated, and the metallic film 22 
is provided with a cyclic surface potography 40 provided on at least one 
side of surface. Light incident on one side of the surface of the metallic film 
22 interacts with a surface plasmon mode in at least one side of the 
surface of the metallic film. Thus, transmitting light passing through the 
aperture 30 is amplified. 
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h xK^' 7 7 (topography )$-Wt. WIE:&JlflIOffll5 10 
J; "5 . mmmmMmcmt^titzRn/^fciim 

[11*316] mteiifflw/j^ss h^^'*7 7^-(i. It 

^ro«ffi#iit (feature) b ^Hmt.^ 1 tClE® cOigi^ 40 

111*5 7 ] m^mmwmit. a- ^ < t?^ (dimpi 

e). i^m^<D^iiin. ^E(rib). p].iL^(D< I^Ayfc 

lE^SiSoluiEII 1 «g®±(c(o;f;L^{t lb Jx?>it*9 1 
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y h\ 

1 \z.^im(Dm^mL/mtyi^^y k 

^y K„ 

[ffi*)Sl 2] BiFfEWSJSfi. miW-iS.t£W. 

t>'T V ^ 5 li ¥ffi«^® -C fo 19 . wiByy iHx 
Tv^5< if*Jli ilc:lEiJoS£^tHL/«tji^--y 

umm 1 3 ] mK.mmmm(omm^-^itiEjjm 

X'h'O. BuE^gBi$tt4o07 7-fe-;' h4r^-r5f**Jl 

^^tiX\,^^mM-^n^mm<Dm^mL/m^i2^^^y 

*« 1 fcE^rogg^ttJ L/»# jA^'^ y Ko 

HffEBST*liH5E^?KSSOBi(f¥tc(i(f^UV\ if*1 
1 6tcE«<^SE^ttlb/»#ji^---;' Ko 
[W*ill8] MEIf^ttlt/»t3i^-^i' Kt-f*: 

ii^-^y Ko 

ttlL/*#iA;9----y KtfOE^WT'fcoT. 

mlE«-^jSI^(DMESSO±JciS*t tjix. itit'ix^ 1 
ro«®t^2 0«E^^i-5^jil^lrt1-57'7X^v 

BilE^ 1 o«®(±^);£;-r5miE!ij^Sg<^4S®l-@^^ 
T*3 19 . iJE^JSl^«BuE^Jil^5rii LTBJlt fjHfcT 
/^•-^-^-^^L. ME^mSf H*fJE^m)l<^tuE^ 1 

fi^JT^iH® h5K^7 7 — (topography) ^^U^ HuE^M 

tS(D^pfJ:< i:'b-:)^T'cDSffi7°7X^y • ^-KttSS 

* fc H BuE^tElilifll^Ji^ hMi^h ixfctuEifeJiKl^ <^Bti 
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[If *3i 2 0 ] mimimmi^bnmyi-tii Lmim 
mifE^jiiiwfifa^ 2 (D^mtm^%mmw\^ r < 3fi 

^tTEt$^^T^^?). fl*9i 9 (cE«(;?iE?ittcS?;iJ 
'f ^^^tT)t;55gii$lx?). It*!! 2 0 {wfe®(OiE?ft 

[If *il 2 3 ] %mtWm.'^\:. i I? $ ti. BilE 

%%imkm^i.'ows\^^. h^\,^\mmt^'m^^ 20 

•^•yjti|ix/<^7,ro/>7'<e< i t> 1 o^^L-c>!t)i;l-5mi 

^m<^S®#i((feature):«)^b?'^ -511*111 9 (CE^» 

2 5 1 BuESB^mti. /h ^ ^j: < ^ (dimpl 

e). ¥^«ff^0^ttl^. ffi, ^e(rib). (5]'L>0<(£A/fc 30 

it*^ 2 4 ;cEm<75iEjsi-S?iJ $ nfc^^v^ai L/S# iZ^ 

[|f*ii2 6] m^mnWi^'^yif^^yy 
HuE&Jil^«iHuEII 1 oS®±t^w?^S(tbti-5lt*5 
1 9 (c:Ei6(DiE5tlifi?iJ $ ixizWf-^ L/9# iA^-^ 

SflE&SlI«BtiEB 1 OgffiiS.D'HiiEM 2 (D^®±(75 
i^*l-^(t 511*5 1 9 (CE««0iE5t(cS?lJ$ixfc 40 

(11*312 81 mlE#jf2^8S(±3t77'l'^<Tfe5ft* 
III 9t-Eic<7)iE?S{cS?'J$HfcK^tliL/»#jA^'^ 

[11*313 0] mt^7^<-=}-^-\i. 

$i^TV^2)il*«l 9(cE«<0iE5S{cS?iJ$tifc^^ai 
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[W*3I3 1] BflE«•7^^°-^^-^i. y H^^l- 
ffM $ iT.T V ^ 5 !t*3i 1 9 tc:E«<7?iE*(cS5iJ $ tifcS^ 

[fl*3l 3 2 ] mU^^y yiiiHT^^-r ^ ^oSuE 

W-\'^$t>l-*t?)l**3Sl 91iE©<^iE5S 

[»*« 3 3 ] mB^mm^tmmm^t u mm^ 

*Sr^L. miE#7°7X^>lii|ir>^'f ^(^ByE:^-^'^ 
[fl*3S 3 4 1 '^-<D^mtl\ mlE^iCt^7°7 X* 

511*111 9lcE«c<75lE?iilc:S?iJ$ti.fcSc^ait/^^ 
[lf*93 5] MEMi:coi§jSm. *-<oii(?M'J<^ 
*3Sl 9(cE«<DiE?i6lcS?iJ$tl-fc^^{iiL/##ii^ 

W*JI 3 5 lc:E«(^iE?i{cS?iJ ^tvfdgE^tti L/»# iZi 

i,$W-^fj:WM^mxfX\''imiW-^(D^^Xh^ . miE 
^T'y X^ yiiiti7=V<'< y^ (imiE^§lfls:tSit©PE¥ti 
7'i^Iffi±ici§;ltibi^T^^-5, !«*« 3 5 l;:E€(7?jE5tlc 

[11*9 3 8 ] mBmmPfm^(Dmm-<- y itiEi^m 

Xh'O, fiuE^Iift:f44o(737T-t -y K^W-f5if*3S 
3 7 HEic(7)iE5SfcS?iJ $ixfcSS;^»^tti L/S# 

[fi*3i4 0 ] %BmmmcM-ox%^m< %m 

tm2<Dmm^^-r^^mm^tiri>y'y^=&yi^^y 

sdE^ 1 (Dmmtmm%m\^\^i^^ x^m ^rixis^om 

•9. WE&SKliiflE^SIilSriitT^ttbnfcT/-?- 
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5 

h#/77-r-(topography)5rWt. ttlte^JilllW 

3t^^ftu-if\ si:*siiaii^^-if (vcsE lo 

L ; vertical cavity surface-emitting laser) , 

l§t*54 3 ] flUE^-if ^:^ttiJ<735^^i:/7 ^ 

(DBR ; distributed Bragg reflector) itu 

E7°7 yiililT^'A^ ^ J: 19 il^ ^ti^mu^m^ 

itt^m\S.^m^^^^ U-if ( V C S E L ; vertical 
cavity surface-emitting laser) SrWi'?)f|:^54 1 

{::Et<^Sc^ajL/9#ii^'^-;/ Ko 20 
(fS*^4 4 ] fiEi— if (iffi;^^S.t>'t93^^W 

Jtbix5ft*ii4 Uc:Ee(OiS;^^HiL/S#i2i^'^2/ 
Ko 

[fi*« 4 5 ] mB^mmmmc ^'om^ n-ME^t 

E)t?S^^fjro3t^llft55t=' 1/^ ^'^^ 
[11*^4 6 ] itiE)fe= ^ii. a^gg^^- K-C-BU 30 

[11*^14 7] HuE^t^ ^(i. ii^IS^^- KT-fl 

[fS*«4 8 ] ME3t= ^tt. BuEitEtt^ftf- 

im^m 9 1 ME* 3 mlE)tE1S$^l$:tc 
mu BfiE?tSgi:fcfi5*fij(cEg$nTV^5lf*Jl4 40 
5tcE^ogg;j^iiiL/sta>;j^-^';/ Ko 

[ft*3S5 0] ME]S»16^nt«Sh7K^7 7^-(l. 
^t^<7?«ffi#it (feature) ^^Ib7'£5|f*3l4 0 (CE^C) 

IIS*31 5 1 ] flE*ti#m«, /J^ $ ^£ < it^ (dimpl 

e). ^|i^ff^(75?;?tiia5. ^ig(rib). (5]/L^(D < l^^fc 

11*31 5 0 {^sim(Dm^lii L/m # ^2-^^ y Ko 
[IS*IS5 2] miEJS»!W?iSffihJKi^7 7-f-fl, 
flE^MSf <^H«Em 1 (TJ^ffiitCK^^'^gtJt bn5f»*1 50 
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4 0 lcE^(7?S!;^illL/Sti2i^---y Ko 

fi5E4kSI^(DH«E^ 1 (D*ffi±S-0«ME^ 2 ©gffi±(^ 
i^:^lcKftf)ix5it*3S4 0(cE«<D^^ai t/^tiZ^ 

h-^y Ko 

[11*95 4] H<JET/'<-^^-ll. nfgi^^icji^^^ 
4^TV^5ft*3I4 0 fcEit<^ic^tti L/»#ji^--5' 

Ko 

fi£$nxv^5fl*'S4 0 (cEicWBc^aj t/»#i2b;^-- 
•y Ko 

[§i*il5 6] miE^RKco*SEM2(O^Elc@^$ 

*94 0(c:EicCO^^iliL/»tiZ^^---> Ko 

lit*3i5 7] 3tE1ti«^*ffl(DIE^ife(cs?lJ$^^^gg^ 

Xii'O mlE^ 2 ro^® (iHflE*EISffif*tcrS]*^o T lEt 
^ix-Cia"?, miE^miiit±silE^JSl^^aLTs^tt£.iT. 

liWS^T'.eSffi h^i?""7 7^ -(topography) SrWUs ilE 
^MI^tDHiiE^ 1 cD«ffitcAlti-5ffiE)tJ!f^;5^bw?t(i 
WE^JRMroHilE«ffiro'>^j;< i:'t>-SrT'©«ffi7°7X 
• ^-KtffiSftfflt, ^mcj;i9. ffiE)tE1t« 
<*:lc5g;i^ixfcSfiEifem8Irt (7>miE7^^-^ •¥ -^ii 

[fB*ii 5 8 ] mmitM.(D'pf£ < i: 1 1 oti u-^t- 

mw.^mmmm^\^-i' (vcse 

L ; vertical cavity surface emitting laser) > MW- 
h(0X'hmtm5 8 {cE«(DiE?ft(cS?iJ$nfc^^ai 
im^m 6 0 1 ME i^-if li. 7 7 / 

(DBR ; distributed Bragg reflector) tm 
E7°7X^yiii|il7^^M i ^) ®£^n5Stt*Mtl 
Sr^tpSi:*JgS®ll3t^— f (VC S E L ; vertical 
cavity surface emitting laser) lrW'^5ft*'S 5 8 

icE®oiE5fei-s?ij$tLfcgc^ai L/»t ja;^'---^ ko 

E^iJfro 

(IB*JI 6 11 ME u— f (itiiJti^St/^SB^^^t 
ME7'7X^yiii|ix^<'r;^ttMEai;'j^<^±{cg!: 
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5 7 {cE«OE?HcS?iJ $ tv/c^^Zf Hi L/S 1 32^^ 
E3t^**2)!**96 2(cE«(^IE«{cS?iJ$ixfcBE^ 10 

til L/»#a;^f-- -y KOifi^iJflSo 

6 5 ] mtm ^i^i'^it. mmt/tmwmm^ 

S8t, WI53taii:P]i:(75ftiJ{iEffi$nTi.^-5fi*«6 2 

[ 11*11 6 6 ] BtiE)t=3 u-^ ^ (i. mK.^mmtmi^ 

,[11*96 7] mlEjg,W<cSSh^^'7 7^-fi. 
111*31 6 8 ] BuE^ffil^mii. /J^ $ ;i < »?;^ (dimpl 

e). ^mm(D^tii^. Ms ^s(rib). ll-L^(7)<l^^f£ 

ft*iS6 7(^EeoiE5ltS?iJ$tL^SEi^aL/»tiA 

KOia^iJfre 30- 

5 7(cE©<DEfi|}cS5iJ$ixfcSE^!±iL/S#iZ.^--s' 

$tiTV^€)Sf*Jl5 7icEloW]E{S{c:S?iJ$ti/cBr^fcti 40 

[fS*3l7 2] mlE#T/<-f--^-(j:. ;^ y 5/ h^^ttc 
ffM$HTV^5ft*il5 7(cE«oiE?t(cS?iJ$nfciJE 

^IBIOmiEII 2 coaaa(:lSS^i^^:pt^6<]^ci®P^/£;^- 
_^<_. u^-Y^$t,{cW1-Stt*9 5 7(cEi4WjESi 

'^^mt. 50 



$*tT*5'9, wia^Ji)ii>4Wi5&jRii^atT^itbti 

W, 1 S.t>'^ 2 (0^ffi(0'>-7i < i: 'b-:fr<^±l-ISlt ^tifc 
Jifflfi^T'.i^E 7 ^-(topography) ^*L, Suia 

tlfc HU K^jRI^rt SUET /-^-^^ ^ - 5 ^ii 
lists, Sffil83tu— !f. 
[a*« 7 5 ] fiilittg^Elg^t U-if ( VC S E 
L ; vertical cavity surface-emitting laser) "Cfco 

X. 

'^:f3m(r>j^^-y7 y VKM^ (DBR ; distributed Br 

agg reflector) t , 

B 1 ©Sffit^2(Z)SE^W1-5^aK^^1"57°7X 

El 2 (D^B(4tfrESil*M^B^7fe u— !Fcom^lcrfi] 
;6^oTffiS$HT*5f3, HuE^S^HStiE^Sil^iit 

Jil^fTJftrE^ 1 j^U'l 2 ro«E(0'>j:f < 1)-:^o±ic 

Igft t>ix/cJlSH6^?i*E h /K^^7 7 W - (topography) 5r 

:feHi(DgjE«B(^'>?'j;< t 'b-:^T-o«S7*7X^y 
• ^- KttaSftffl ^J^fcJ; 19 , m;ESii:*^^B 
IS^t u— !f "b !i;5^fi^cffiE^ll^i^ cOsffET/-?-^ ^ 

[0 0 0 1] 

rjL. ^JSIIrt£75)K5Ji-(T(subwavelength)CD;k 
t^cOT/^-?^-^'- (fjiO) ^^1-SSB^7X^-yii 
fUtSiKsurfaceplasmon-enhanced optical transmiss 

ion) ^n^i-i>. ^ni^^^'^^^-yy h t^^m^'t 
[0002] 

[WtSffil Ebbesenf5--0*H#I^15, 973, Zie^rmm 
m (#ll¥ll-72607-^^#) . Kimh^<D^Sm^^&,0 
40,93&^-m'm9 (#M2000-111851-^^») , Ebbesen^j 
^(Dm<^nf^6, 052. 23S^mm^ 
<ikm) . 1998^12^9 0 iCtblS^iJtytEbbesenbro^ltH^ 
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WtilM#-tM09/208. 116^ (#M2000-171763-i-<i^; 
aiP#-§-||09/435, 132^ (Ztlhmff&Xfl^Vf-liim(D 

[0 0 0 3] CD-ROM (sy/N^ ST-T^^^-ic* 

fo?)i/^{iB!^©53t f-i^O'f X^/Js^ < -f r i 

JO 0 0 4] *|g?^(4. iS)5l^g|rt*^>6^bP)TI^«(c 

• \~X\ ;<^±(73S*ti.T 

etc lt7)j:^;'j;9|;z^ttiL/»ti2,;^-^-y K<0ift7cia 
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[0 0 0 5] ^?£^16<3lCffiffl$*lTl^5)»#l&;t^Bg 
T'^CD-ROMTtr-f ;^^f4. lBt<b«<*±(7? b 7 y ^' 
(D±\C rf:vN(pit)j irLTx-^^gfll-rSo h7 
y^'ttl. 6 /imrof i/f-^^L. f>;/hftHO. 4 /iin 
;6^bl. 2Mra(0|^t?3g{b1-5. m^^)t?tf:ai§<75yS: 
* IC 19 :^ V > U > X^^ffl L T » ^ iA^^S.U'St^ tti 

Li'biciitig^TiT^'^T'. miSffiffl^ww-if (cD 

-ROMffllcttA. = 7 8 0 nm) coHifrPSH^IC J; , f 
^^A^^m^j^DVDf^ 7.^n. (0. 6 5GB^llX 

[0 0 0 6] :iixh<D^^mt;^^titzib\at. rroi 

htm^\.\,\ 'mm%^^ (zz.x'\t. m^\^\./m 
[0 0 0 7] L*^L, jfex-iS'iaiiiifli'^wx-^oBg 

j2s^»^7/'?-^^-ro^feJiJ:oTro^®]IS$tl. ) 5 0 

^m^^J.Tti-^z.ti^'^mxh'O. ^\>^T-^^S.ti^ 

X''^%t:itt^x-^^lo\zti'o . nii^y Yh^y,^\t 

ZtX'hho 
[0 0 0 8] 
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5o E. Betzig et al. , 'Near-Field Optics: Microsco 
py, Spectroscopy, and Surface Modificatoin Beyond t 
he Diffraction Limit : iHl*TPS#^^ 

ti>m.^mm. ^it^Rximm^nr. science, voi. 

257, pp. 189-194 (1992^). Rrj G. A. Valaskovic e 
t al. , 'Parameter Control, Characterization, and 0 
ptiraizatoin in the Fabrication of Optical Fiber Ne 
ar-Field Probes (3t7r'1'-'^i£S^7°n-7'(0Mjg{- 

it)", Applied Optics, Vol. 34, No. 7, pp. 1215-122 10 
7 (1995^)#BB„ IS^tLT. i£m»^^5^^<£ffl1-S 

Mm&ifi^T—^'m^m^mL/^^ii^^y hit. ^ 

[0 0 0 91 LfcTS^oT, m\,^t°y h^-tm^m^. L 

feSo 20 
[0 0 10] :¥-Wmm\t. y7X^y?;!)^T'iit§$ 

[0 0 12] :if.%m<D^ h\z.umtiri tzh\t. 3tE 

[0 0 1 3] *f6B^(73$ bl^flil(D@6<]f±. ^tV^j^S^ 
[0 0 14] btc{t!iWgS<)|j:> iEfiHcS?iJ§ 

[0015] 40 

ico«ffi:&t>*^2oas^^-r5^iii^^u %\<d 

It lbnfc)S^«J?iSffi Yt^^ifyy^- (topography : fl^ 50 



!t#ffl 2001-291265 
12 

[0 0 16] r^xIdJUPt. )tE1i«<$:ffl©iE5ltciS3«J$ 

mm\t. ^fi^fh^-^^^\^i--<x(Dmi\tmm c 

i^'>^i< i t-*T'(0«ffi7'7X* y • ^-KirtiSft 

[0 0 17] $ ^1^. ff^«SSffi?g5tU-1^.RTJ'lii|g$ 
tLfc^iajt^r^-rsfiit^MgfEIIJt^-f' (VCSE 

L : vertical cavity surface-emitting laser) 

[0 0 18] :i©<t5l-tT. ^^e^lciixff. jtfsit 

5:JilTro7/<-^-V'-;45|5Jftbtl5, -tW^m. Sx- 

/%^\b:^^y Kfc*3tt^.jS*£iT7/<-^^-SrifM- 

7°-7X^Vtii|i-fV-<^7. (i^T rpEDj 

$raLT^3t (emission) ^- Kfo5)VMJ^)t(collectio 
n)^-K {h^\^\t^<Dm-)5) X\ i^^i:XT(D7y<-f- 

t/fftiZ^^-^-y K(^^l)li©^ffi±rogffi7°7X^y 
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Ebbesen et al, ffl^ ; T. Thio et al. , 'Surface-Pla 
sraon Enhanced Transmission Through Hole Arrays inC 
r Films (^^ n AMiCio(t5?Lroia?iJ^ii5S®7"9X 
nE->litijgi§)', Journal of the Optical Society of 
America B. Vol. 16. No. 10, pp. 1743-1748 (1999^) 

m 

[0 0 19] 

[ 0 0 2 0 ] 1 1 (A) li, 3tlSic*«f*^<73»tJZi^S 

iK ^mm.mz.um^f\-^h<Dx\tti\,'^ {im%j(m 

"r-^^mm-fi ( r#t;A^j ) StK/Sfc(i*|HlS' 

^*i-s«$tLfcT-:j'^sji9tti-r ( mh-^i.\ ) T 

Six -So 

[0 0 2 111211 (A) tc*1-^;z^ttiL/StiA^-^7 
Kl 0 0(4. m^^l ORXJ-Zfy :^^ym^T^^^ :^ 

( rpEDj ) 2 0^ffi;tTVN5„ ^iSSg 1 0 ij;$f S L 

Kl 0 OcD^ffii 2(ci5(t5Bm^ft/N^1-5J;5(-5fe 
bglrlfiOiSfttiT (subwavelength) Sggl z ^J.fy\Z.m^^ 

(5. zfl7/<-5^t-©itg<0iii^l. 5{gtiTT'fo5r 
iiisaSLV^ 7^-?-5^ir-«ilS<0|t)l. 5fg^®;t 
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g/M5Sglcffl];t?). SjgEiS&iffiffiOBg;*^ 5 0 0 

[0 0 2 2] l.y^(n>lo\'s mh-^\^/%^~^^^'y K 
1 0 0(l7°7X^yiii|iirVW^2 0$:t.-atfo 7°7X 

X 2 0 ti. #jSS§ 1 0 oiigffi 1 2 
WtnhfiXi6^. OA^fe^feEHjUfts oir[fi]A» 

rVM^2 0^iiji1-5)t<D^ii3SS^:'ct <1-5o 7° 
7X*yiii|iiT/<^;^2 ott, Hat-tTz-^-^^-s 

OlrWt-?.»4L<rtiS-efc5^JgK2 2^^L, Hii 

t-So 7/<-5"-v-3 Otiilfld^^U lamdllT/-? 

(r>m^m^tm%%n^fii>:Lb^^m\^^^^x. ) s 

[0 0 2 3] ^mm22K\i. :^JS)12 2(020^^® 
^04--^<^< t locD±tc:. H^S^jT'^i^ffi b#^'7 7^- 
0(7)affii 2(cpg-r'5^i<^sst> ^Kogffiicj* 

Wt'^SE b'-K^^77^'-4 0(i> ^aSl2 2CD2 0(7?« 

«ffi!!tm4 0«gf?S8Si oroJSffil 2\z.m^-th. 
^mm 2 2 (7?^ 1 £D«ffi±(c(^;^ISit ?> t 1 

irfi\^hmmm^m^fih^<9-'yx-^^x. iin 

LTV^So «ffi#m<^ilffl^4f4^ «iH$tT.fc*^^t(enh 
anced light collection) ©jg^g^^^-fS fcftldSlg 
50 T*fet), 1998^12.^9 0 lilttilS^tLyS:, Ebbesen P)<^)*|1 
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i#ifttismo9/208, 1 le-^ic $ b imm^cm^m $ ^^T v n 

5o $f>tc:. GruppbwSiI^^#BB„ ll»iW''j:^BbJJ^ 
^^7 7^-4 oo^Jtt. mi (B) i:i7Fi-lof£4-^^i 

< (?^(dimple) fc5l>ttiii^5^(^|^tB«|50jE^1%^-E?IJ 
T'fe?)A\ feSl/^fiHl (C) (C:^-t-i5'tl^l<7)(ll'b 
<D}$ *5 ± If b ^x/c ^l^fo 5 ^ LTtf b tifcST- 2) „ 
mi (B) fc^-fil-g'] fesvMt^S 
[ill (c) ic:^-r^^] fi, Ilg;^ttit/»tjx^^5' . 

I/— IfOiSfttCpS^iX^o 1998^12^9 0 ICtti^^iX 10 
fcEbbesene>(737|t|11t|iFffiK^09/208, 116^, Gruppb<D 
HU^Sv H. F. Ghaerai et al, 'Surface Plasraons Enha 

nee Optical Transmission Through Subwavelength Hoi 

es (i^7'^Sfi:^^:^^t5SS:/7X^>?i{^:7fefeii) 

Physical Review B, Vol. 58, No. 11, pp. 6779-6782 
(1998^) Sr#R ±.t5.<Dmynm£mm^ti:^m h^f^^ 

[0 0 2 4] y7X^yiii|ix/W;^2 0l^O7/<-^ 

OliR?l^T■fcoT'b<J;^^>^^ fcSVMitf 
(D) 14, ±Wh Lxmr^<D7. V y \'^^i:^iri7 

/<-f-ir-3 0 1 1 i,{cm'b(D%i^hfiit&:^m(Dnh 
ssg^-Kti. ti*i$ityc3tjiji^tfcb-r. j. a. p 

orto et al., 'Transmission Resonances on Metallic 

Gratings with Very Narrow Slits V V 

hiSr^"i-^)^JSfe-^±0€i^*ji) ', Physical Revie 
w Letters, Vol. 83, No. 14, pp. 2845-2848 (1999 40 

7^ y V hm(D7y<-f-\-^mmi-?>m'^ 

ilgt'iSxy 5/ hi|gl4, jK:SEATT?fc5) „ ^Ibt. 
:^(S](4. ;^y y ^Of:t,fl:^^i■ft;^^S]:iST-^ h7-y:5' 

(est LTSi:(c^j:5 i 9 ^i:^(fi]-efe5o 

[0 0 2 5] 121 (A) tOT^I-i^jC, jgJ>TLt!ii.gT* 
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tBL/»tii^--y Kl 0 0. m\zyyy:^i^mWy< 
-i'^2 0^. 3feEjijaE<^5 0(OSS--<^«^^ilHt-r 
^ 2 0 § iblcii^I$^^fcitsi§^'b^c^-^r 
mRti^t\z^'o. yyy<^ymmfyu^iifi-i-i) 

i>ity7 4y<xhti\i. jij6S§(7?ejff*irt5 

t)*fBKc0i/y*T-f^5r i:;6ST'#5o *i^fi*)(c> a{»T 

^5-S-g-Lyc;t-/-<- • U"r-V2 4(cJ;-5r<D$ 
lgili(4, 7"7X* vtii|ii-r^<^:^ 2 0^^rM-53tjSii^ 

1999^11^ 5 BIcam^tLfc, Kinif,(D*H#l^milB09 

/435, 132^(C. $ t(Cp^!CtftBJ$ttTV^-5o ttz. A. 
Krishnan etal. , "Enhanced Light Transmission by R 
esonance Tunneling Through Subwavelength Holes (iK 

^iS) NEC Research Institute, Inc. Technical Re 
port. No. 99-152 (1999^) #B8o :t-y<- • 

[0 0 2 6] iF^mm<r>^^liiL/m^iii^^yh'l 0 0 
it. ^3te^(light eraitter)&tJ'*)t^ (light collecto 

r)tLXimL. Ltzt^^X. ^fia^lf^j^ifl-fc't^TS 
m^tli)i.0iZ. |g)t (emission)^- KSt^*^t (coll.e 
ction)^-}^<Dmi^Xmi¥tio t^J^i^h. S^^ffl t/ 

{Lfcii^x%mmm^5oi:mmti) > «)t^-K 

T'(4*)t^i UTtt)ft1-5 (Lfc;i5oT. ^ttSte^f^S 
0;4>f>i!feW$ix, 3tlS1i^«<$5 0(cJ;<9Rlt$n. %B 
^mi^5O\C^<0m^^ix. fe5V^{4^tlS1t^«flJ5 OSr 

iA;z^-vi/ K 1 0 0 ^:^^■t•53t:@ii(4, ^3t^- h'RUM 

%^-V(Dm:)jxm<. ^^m(Dm^iiiL/9^i2i^-^ 

[0 0 2 7] la 2 14. ^lEliiitt: 5 0 (DB^tii LlC^ffl 
$ix55t(D3tK©10-!l^W6<](C;T^LTV^2)o --T' 

it. mw-(Dmm(DmmtLx. it^mmw^ 5 o±\zy' 
-^timm^tix\>^ic z<ommm\zio\>^x. ^^m(r> 
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m?^tiiL/^^]i,?i.^-y Ki 0 Oli. ^3t^~ VRXfM 

L-Ts t'-i>,^7°i; 2 2 0&I>'7 7'r^< • ;t77°7 2 
3 0^:frLT. 0c^ttiL/##jA;i^-^-;/ Kl 0 0(7)3ifi 

5 0}cr<ifigLT^2$^x5„ 7tx-^EtSffi^^5 0 
(J, T'^X^-^-itijixVW;^ 2 0 ^^^^LT:giiLTt/c 10 

^fi*^ U-yX 2 4 0 Lfcmi-. 1ti±il§ 2 5 0 ic 

iJCf). U-yX2 1 0, 2 3 0, 2 4 04'^S&1-5r 

[0 0 2 8] r'-^eiiiiS^$fc(C|S]±-r?,fcS^(C. 
^^tHU/##j2i^^-y Kl 0 0OE?iJ<$:?ri£fflLT'b 

W. S. Oakley, 'A Novel Digi 
tal Optical Tape Recorder (ffSOr v^^/UJtx— 7' 
Uu—y) \ Proceedings of the SPIE, Vol, 2604, p 
p. 256-262 (1996^)#,Ba,„ Wh)i£i\./%^'ih^^y V 

Sd»t)SESt z ^ z„. (ia2#Ba) rttcjfjf-f-,?, - tT' 

(DfzMzf^m^h^nh^y K(flyhead)l4> 

Sgi$(^±(c:3 0 nInOS§il^^5^^T{^lLT^/^•5o ^<75 

0 n mlCl 

K (contact slider magnetic head) ilr^S^ffl LT^*J 5 n 50 
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(c: J; 5 r ^<'<' ;^ (±, 5fea(D3t 7 7 -'^ SEJiJ L (75 
lcS?<J1- 5 ifiJ-Si^ 5 , 1 1 if.m\ * © ?t 7 7 -Y /-^iffi 

[0 0 2 9] mh-mh/m^'Thh^y Y(DW.¥m^'^^ 

l-Q#$tl5Soline5-.(7)*Hi^rFlg5,646, 051-i-?^»l: 

[0 0 3 0] 0 3 (A) (1. ^-(D^^W^y^^^^t^hm 

f^^^flfzm^^\^/m^~^hJi■^y ki O Ot^rcoj; 
1 d!.%mm 3 0 0 ^^-to ^isjg 1 0 \t. 
i<^hfifzi5'&x\ y^yy ^-^^^'o^m 

{irti:iphl/2) T'^3?)rt;45g$LV^^s. ^ 

I'^i— K (EI/T^-Br-f) &U5Sg^l±JL/»#iZ.;^^^s' Kg 

*y y iyy^fim\ff:>fzmc^ Pl:it^^ifis:r>3l/^(;3±lc: 

mnl5m^ii^^x\tmm(D^\>^V^mxhhi^ 

-To ^p$ti-/c^&s§4s®i 2(0=&^(73±(c. asu< 

f4^T'fe5^JiK2 2/551*fc5V^ttX/'?5/^$*l'^ §1 

0^W1-5J:5lc:^^°^-=y^^ti5o #^KS§10(75 
ttiro^'bic:, ^tx^-n, &S1I2 2^Sii-t5^-©7 
^<-^\-3 0tm'>-fhf\^Xio^. W^(D 
■fy:^^ymmf^U:^2 0^rMLX\''io- ^T'yX 
^ ^'iifl'ixX-f' :^ 2 0 (4, ^ix-?ti 1 0(7)^jg8§ 1 0 
fi:fi^fe$^rTv^-5= [213 (A) (cJ3^^TT/^-^+- 

Kia?lJf*:3 0 0(4. ^mm2 2(0^^S: 

^t^(DJc\cwM^tit.y'y:^'eym^fy<-(y^2 0^ 

^timmms i o^^A/T-i^s, E^yfl^ffis i oic 

p ED t mmiis\''Xim^ 

3 0 0Sr<£ffl-t-5rtlcJ:'9, ^.^(O^^-J^l., 
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Ki 0 ort(c:io(753tt'-i=s-fo. mni^3oo^m 

[0 0 3 1] us (B) (i. m&mi 0 (O 1 oO:S^tlt| 
13 (A) (On^liiL/^^i^^y^-^'y h'mn 

112 2 COfslfC^rBW (intervening material) $r^ffl LT 
t>J:^\ Bc^ffiL/»tj2,;^-.-y Kifi^ijf^ 3 0 0 

;^ 7 y • ^ -7 K i LT^ffl $ <7?T-fon«\ (^M 

gI53)-(-i3tt^)Rlt^ft/J>|5ggjCjJj];t2) X b I-) 
• u-l' ■¥ 2 4 :d^'#ftt'5#^(c|j:;t-^<- • u-f ^ 2 4 

lo 0 3 2] las (A) SU^ (B) (C*i-|rei^ttiU/» 

tHix ^<'f PbI <7) ^ 'il^FB1 0Sgil;i5 ( c D - R O Mfe 5 v ^ 

D V D O J; 9 ''^ mtT<D3tKjf» W h 7 i> t" -7 5^ ^ 30 
Ri^LT) AR=1. 6/im-efcixli\ H^i" 2>9E^i±l 

IT SrlB:^1-5. 1998^12^ 9 B m^fDEbbesen 6 

«JiJx.(cf/h$^j:< (S^ (dimple)) (;D 1 ofo^V^fl 2OC0 
r->i/L-(shell)j (DTi.-Ti^ +3i-7ijgigi^iii|iSilr#'5<0 40 

i^<offi5iJtc:jitLT. i#SO->i;Wi. fttfiv^BI^S 
■t)-' (l = 6 3 5 nin) 2)5, Rff^OT^N'-^-^-, St)^^ 50 
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igSi|#m (r(o#^fi/h$/i< ff;'*^) ©ngcogggftt, 

(6 0 0/n) [nm] b-t^^^X'hh, ^Z.X\ h 
H, :&Ji8l2 2(7)±(D^ffi!l#jtl-li«-r?)^«1*i|S|- (^!l 
gS#m;45^«)jl2 2(D:t-^<- • ^^2 4(7) 
{»JICfotl«. W-\'2 4) ro®ilf*t?fc5o 

1998^12^ 9 0 iCffiiS $ tlfcEbbesen ib ttilS^ 

09/208, ue-^icUiP^i-?) i T/^°-^^-^M'feS 

Sft. 6 3 5 nm&tJ^S 3 0 nmlc:^i?|-L-CiS5SIC 

[0 0 3 3] JS;ftlilTT^N°-5^-r-i©E?iJft: t , \^tzii^ 

^mw-%'&(nw.mw-xhho ia4ic^-rj; 5t-. >'y=' 

:/fe5lM±GaAs (:if !) '^At^) >>a^^N(Di 5 ''.f^t 
^6*)l^^e^/*i2#^«»^73i/N8 OSr:ty^y^fr (^^ 

t^^g^Li^) , 1 oJ^±(^f)Sft:1iii9 Otrff ?)o ^ 
ll»;1iii<7> 1 o 1 o;4^ |f;z^ai L/m^^^^y Kcofc 

|C7'7 X^ yitiHrV^'f XT^^ISlt fens r t i 5 (iff 
¥±17'^1IS9 2 -<-x9 4 1ii:(D7T-tr ■;/ h 9 

[0 0 3 4] ^s|fr«ii«. iE;^ff^(^-<-X (tfc^i^o 
T4o(07r-tr y b) ^W-r5r.i;isa^ tv^;4\ ftlKD 

3o(7)7r-fe-> h^wi-5) ^mmt'^ztf^mxh 

ffi«-CAltt5SiS5t (Il4(^{ajl::jbnt53fel^-^I. 

vc SEL/!i^p><03t) ^^:MLTiiiv^;^/^-7••;/ 
X^yi^itiiT'/-<'i':^2 Olr^(tSCilcJ:i9, ±i$i:lRl 

J:5?iT^<-rx(7)5^<5¥tgtt. 7°7X*^tii|gT/My^ro 
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ffi^E^^tU-if (VCSEL ; vertical cavity surf 
ace-emitting laser. UT^B) «EJlJI$T'fc-5#'g- 
(C, ZtHtmz^^X'hio S. Heisig et al. , "Optic 
al Active Gallium Arsenide Cantilever Probes for C 
ombined Scanning Near-Field Optical Microscopy and 
Scanning Force Microscopy (^i-&^SifiiI»5t^®» 

t^;*7>^W<-7'n-:/) Journal Vac. Sci. Tec 
hnology B, Vol. 18, No. 3 pp. 1134-1137 (2000); S. 

Heisig et al. , 'Gallium Arsenide Probes for Scann 
ing Near-Field Probe Microscopy (^Sifi^Sif y^n — 
7'S«feffl(75;&'!; '^At^T'n-:/) Applied Phy 
sics A, Vol. 66, pp. S385-S390 (1998^) $r#BB„ 

[0 0 3 51 -^swtwii. i%mtix^(D^mi^(Dnm^<D 

K. Iga, 'Surface Emitting Laser (S^JfeU— !f) 20 
Electronics and Communications in Japan, Part 2, V 
ol. , 82, No. 10, pp. 70-82 (1999^) ; K. Goto, " Pr 
oposal of Ultrahigh Density Optical Disk System Us 
ing a Vertical CavitySurface Laser Array (SjS^S 

^M.<D^^) ', Japanese Journal of Applied Physic ' 
s. Vol. 37, Part 1, No. 4B, pp. 2274-2278 (1998 
^) ; Y. -J. Kim et al. , "Fabrication ofMicro-Pyram 
idal Probe Array with Aperture for Near-Field Opti 
cal MeraoryApplication (ifilSH^ity ^- D JJ^fficD/cfccT? 30 

• TV^ <DWf^) ", Japanese Journal of Applied Phy 

sics, Vol. 39, Part 1, No. 38, pp. 1538-1541 (2000 

«ii 9 0/55(^6^5 ri:;55SSLl.\ r^X^ViHir 
•5fiJ,^SrWL. Ltzr^^X. ^(Diio^li^-mcnLX 

[0 0 3 6] ^m^zi:v)mi^^hfzm^mL/-^^]i. 

t!tiLRXfm^i2^?i.(Dm:)5i)^'^mxh^ . MtmL\^^m 
^Xhi>o ffliLfclg^fflt^y K&U5#tii 

^^•y m^^X'h\) . Ltzi^-oX. ^iLLtzm^tiiL 50 
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mj^.mmti>. ^yj^y-Mm^mLxim^ti 

^y h'X'mm^iX^mt!^m^\!^mtU^l 0'° W/m 

it© J: 51-. it^#i*rt<7)«]Iitt:1i5i«, %^mi:tiitim 
[0 0 3 7] Hi 753eIl3}C/T^tJ: feSttt^fc^ffl 

i\ m(^h^m<Dit^m^WKie\^^Xit. ^Mi^B^tHL 

/S^ ii^^ y K t -i^(D^S,Xh^ ^ i tt. *?iJ7'<e r 

-ilrf^lSi t/::Partovi (c i 19 ^ *t^1Sj*^?IJffl1-5 
^i'CfcSo A. Partovi et al, "High-PowerLaser Li 
ght Source for Near-Field Optics and its Applicati 
on to High-Density Optical Data Storage (ifi!SS^^t 

ro^K>f£;ffl) ', Applied Physics Letters, Vol. 75, N 
0. 11, pp. 1515-1517 (1999#)^#BS.o T/<-^-t- 

A. Bethe, Physical Review, Vol. 66, Nos. 7 and 8, 
pp. 163-182 (1944#^) 5r#,^,o iixtt*. 

[0 0 3 8] El 5 {4. 2Rx:^m:^(Dmtsm6 4 

mifmmi.-m\m-t^wm^m\^^^^x^s^'fSiXh 
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ting coupling) (c:jJ;CT. U— f (D^glCjl^-fS <t ^ 
lcm^i^^)-^tT^)5o GhaemibOH(l^l^#lo 

<Dtiitl7y<-=f-\-t:^-ti), (At. Nj, CO2. H 

YAG (i'5' by • Tyi^^ = ^7i>. • ;f/-^y 
h) , T i : i-y 7-^70^ ^ 0^1) SlflJ U-ifT'fe<9> 
rr-ei±{±i^;* 7*7 li^lJIfjlft (gain medium) (Dip±lc: 

ilSi^M-t-5::i^^-et5o ^-if'ii. t;^^ (back mi 
- ¥T t a V \ o j: 5 if t (c -a^ $ n 

[0 0 3 9] W^(DSg^mL/»tj2i^---y K(DyiJ^) 
u— ffi. (fi»Jx:»i. Il5i::^i-J;^{c) CEIS^tTt 

m^i-^mx El 6 (A) (c^1-Sil*ffi§^BII*u— !f 

(VCSEL ; vertical cavity surface emitting las 
er) -e-fcSo VCSEL*ffi^l4, 

G a A s/A 1 G a A s ^MMt^h^^ii 2r><D%:^y'y 
V^WMi^ (DBR ; distributed Bragg reflector) 

l<r^'m^r\%^tMz.\t (He (B) #BB) . StlMi) 
(^DBR 7 0^. ^ami) 7U^^ 2 2SrW1-57°7X 40 

71^^^^ 2 2(C(i. WI9^^fimMVif^^yy ^-A^\z 

(me (B) , (C) #B8) „ VCSELW^^ 

*)5o 116 (D) (4. #ffi;'3(Clii|i:gi|j^fl:I^ATCD7/N° 
- 5" ^ - 5 7° 7 y it / W ;^ ?r IS ft fc V c 
S E LEJiJ^^O^SEli&'T^to VC S E LralroraHlC^f 
tSEltft. listen V C S E LE?iJfiJ(7)-r'<T(D^^- 
-iSplC^ST'lilif '&VCSEL(73lt::^[6](73^atCO 50 
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ij!^ait/»#i2^^---;/ KE^iJI*: (I13# 
[0 04 0] i!#^(7)ffliiT'^fflt5^c«)(^iii|>i$ttfc^t 
^tj^^^^-x.y Ktcov^TUiPJ t^J*Lfi;45> ^wtc^# 

[0 0 4 1] 

^mil^^1-?)7°7X^ytii|ir/<^;^^Mfflt. SB 
y 7 X^ y t (D^Sf^ffi J: I? 7 ^ - ^ a 5 ^ii 

ic Buglet's. ifim*^^^ffl^^?)^^ajL/»#iz^ 

[Elffiwffi^/^tftsj] 

[mi] (A) (4. JSEiw{^ibtT.fc7°7X*yii(i7=v^ 
Tiv^) -c-fe5„ (B) tt. *^Bjro^;2fajt/«#Ji;zf 

■^■7 Ki-^ffl7'^7°7X^ yliitiiT/W7.(D^l (Dff^^(7> 
¥BiaT-fe'9, 7'7X^ yiii|iT/W7.(4, 
^i^TR?i^7^■?-9"-^-?:Sl^)ffl^T'^^-5. /h$^i<lS^ 
d^f^'StSE^-lt^lfi^iJ^Sr^-l-SSffi h #/7 7 
1-?>c (C) {4. :^Wn(Om^tiiL/mtih^^y hlz 
*-ffl?i7"7 X^yifiHrVW :^<0|| 2 (7)}i^ffi<DqzBE|-e 
7°7X^yiiitiixA>f ;;^{4#-tOjSft£iTroR?^ 
7/N°-^-t-5r©t)fflA/T'V^5/h$!fe<(^^ (M) <r>m 

>b(Dm^^i-i>mmh^^^7y ^-^^tio (d) 

(4. *l6BJ(73tt^^ttSU/»ti2.;^^---y K(c^ffl7'^7'7X 
^yiii|'iTV<'i';:^com3(Off^Sc75^B[lT:-fc'9s 7'7X 
*yii*lT/<'r;^(4. jS:&£AT<^:^y y h^ffifJHA/T- 
i/^5^/^^'-y^^1-5aBb7Ki?-7 7^-^Wt5, 
[1112] *ISB^£D||^taL/»tjZ.^-^y K©fcfe(03t 

[US] (A) t4. *|g?B^c:J;'9m-ro^>i/^±lc:^/ 

fi^o. gi5:9-e<](c5SSiT[2irvT^$iifc. m^mxh^o (b 

(4. ^)fe8g0 10(D^itt^aLTatlll3 (A) (DTy< 
11114] *BB^tcJ;?>. ^*<*^>3:/N^>e,ffS$tvfc1S 

-?:ixmt47'7 X^ yifiliT'/^^ ^iixiTV ^ 5o 

ins] sB7'7x^yiitiiiia^^-r/h$<'^7^^-'?' 
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[06] (A) li. mz^'y-yi^Rm (DBR ; dist 
ributed Bragg reflector) I;: i "9 Bi3t$tlfc*SI§$r 
^t?)|^*tOSiE*1i§gffi5§)t^-if (VCSEL ;ve 
rtical cavity surface emitting laser) (DWi^MX'h 
5o (B) *ll0^ICj:i9«^$^fcaca$tl7tVC 
SELOKfffiilT'fc?), VCSEL(4iii|iiii§j6*£>lT 
(7?7/-?-g^^-^W-r5lii;^*7°7-^W1-?>o (C) 
(i, 116 (B) (73eicS$ixfcVCSEL(755pa|lTfe 
'9> ±^^jR^I^<Dj6:fttiT7/<-?^^-S.I>*^ffi#®* 
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VC S E L(DE?lJflS(D¥SlilT'fc5. 

1 0 «jSg§ 

1 2 

2 0 
2 2 

2 4 

3 0 
10 5 0 

10 0 
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(72)|§0^# T:t^;!7-r^:t 

08540, 7°ij>;^h>. 'I'yx^-:^' 

08540. •^^)V7^Yy, -^yf^^y 
=fy7. 4 xj^.^-.v— . 



08540, yy^/y^hy. AVTA^y 
yf— ' vT^T A z>.—f • ^ y ^ 

(72) ?§B^# y - • v=i ^ • U-e' -7 ^ 

08540. 7*yy;^h>', ■<V7''<-^>' 



